Distal half-kernels of barley (Hordeum vulgare L.), after imbibition for 1 day, produced a carboxypeptidase that was active on N-carbobenzoxy-Lphenylalanyl-L-alanine and on N-carbobenzoxy-L-phenylalanyl-L-phenylalanine. For the ensuing 2 days, activity increased linearly and thereafter increased at reduced rates. Electrofocusing of an imbibed half-kernel homogenate produced coincident peaks of activity on both substrates. Experiments with dissected imbibed (3 days) half-kernels showed that the enzyme arose in the aleurone layer. Enzyme production was inhibited by 6-methylpurine, cordycepin, cycloheximide, and p-fluorophenylalanine, and activity was inhibited by phenylmethylsulfonylfluoride. The enzyme did not hydrolyze endopeptidase substrates over a range of pH.
Following the germination of cereal grains, hydrolysis of reserve materials that are present in the endosperm supplies essential nutrients, such as simple sugars and amino acids, to the growing seedling. The hydrolysis of endosperm storage protein is attributed to the concerted action of various exo-and endopeptidases. The endopeptidases of barley, believed to be primarily responsible for the initial breakdown of the storage protein, were shown to be synthesized de novo in the aleurone layer in response to gibberellic acid (11) . Mikola and Kolehmainen (16) showed that various exopeptidases become active during germination of barley. Carboxypeptidases that are active on the N-substituted dipeptides ZPhe-Ala2 and Z-Phe-Phe were found mainly in the endosperm, and most of the activity was located within the starchy endosperm nearest the scutellum. Level of activity was appreciable within the scutellum but was considerably lower in the aleurone layer. Mikola and Kolehmainen concluded that the aleurone probably did not synthesize and secrete carboxypeptidases found in the starchy endosperm, because incubation of whole endosperms on agar produced no increase in carboxypeptidase activity, even Recently, in a study of the development of peptidases during malting of barley (5), we found that application of exogenous GA3 consistently increased the level in the finished malt of the carboxypeptidase that is active on Z-Phe-Phe but not of the enzyme that is active on Z-Phe-Ala. We now report that both activities arise in the aleurone layer and that GA3 hastens the release of activity, but does not enhance the total level of activity.
MATERIALS AND METHODS
Because microbial contamination is associated with the ventral furrow, we removed it from barley (Hordeum vulgare L. cv. Himalaya, 1976 crop) kernels by grinding with a small emery wheel (0.5-mm thickness) attached to a Dremel Moto-tool. Halfkernels were prepared by cutting each kernel directly in half transversely with a razor blade and discarding the embryo-containing half. The extreme distal end was also removed. All subsequent manipulations were carried out under aseptic conditions. The distal half-kernels were surface-sterilized in Clorox bleach diluted to one-fifth strength for 20 min; the first 10 min were under an intermittent vacuum produced by a water aspirator. The half-kernels were rinsed once with sterile water, soaked 10 min in sterile 0.01 N HCI, and rinsed 10 times with sterile water (1) . The half-kernels were transferred to a sterile Petri dish containing two sheets of Whatman No. 40 filter paper wetted with 4 to 5 ml of sterile water. The Petri dish was incubated in a humid chamber at 25 C.
After 3 days of imbibition, 10 half-kernels were transferred to a 25-ml Erlenmeyer flask containing 2.0 ml of 1 mm sodium acetate, 100 mM CaCl2 (pH 4.8) and 15 jig of chloramphenicol. Flasks were prepared with and without 3 IM GA3. The flask was shaken at medium speed on a gyratory water bath shaker (New Brunswick model G76)3 at 25 C. After designated times, the flask was removed from the shaker. Microbial contamination of the surrounding medium was monitored on slants of yeast extractpeptone-dextrose agar.
In other experiments, the aleurone layers and starchy endosperms were dissected from half-kernels that had been imbibed 3 days. Aleurone layers or starchy endosperms (5 hypodermic adaptor attached to a glass syringe. Thirty distal halfkernels were imbibed for 3 days at 25 C on filter paper wetted with 4 ml of the inhibitor solution, essentially under the same conditions as in the normal imbibition procedure described above.
The half-kernels were homogenized, the homogenate centrifuged and dialyzed, and the dialysate assayed for carboxypeptidase activity.
Preparative Isoelectric focusing of Crude Extract of Imbibed Half-kernels. Two hundred half-kernels were imbibed 3 days and homogenized in an ice-cold mortar with 15 ml 25 mm sodium acetate, 1.0 mM L-cysteine, 0.1 mMdisodium EDTA (pH 5.5). The homogenate was centrifuged at 25,000g for 20 min at 4 C. Three ml of the supematant were electrofocused 16 hr at 4 C on an LKB Multiphor apparatus by the preparative flat bed procedure (14) .
Ray (21) found an isoelectric point of 5.75 for two major highly purified carboxypeptidases from malted barley; therefore, Ampholine was used at pH range 5 to 7. Other experiments with pH 3.5 to 10 produced only one peak of carboxypeptidase activity. A "print"was made of the bed and developed in Coomassie brilliant blue R-250 (14) . The "print" indicated sharp focusing of protein bands. With a fractionating grid the bed was divided into 7-mm fractions and each fraction was removed and layered on top of a small column of Sephadex G-25 (3 x 1 cm; 2. 1--mbed volume).
The protein was eluted with 1.4 ml 25 mmsodium acetate, 1.0 mM L-cysteine, 0.1mM disodium EDTA (pH 5.5). Carboxypeptidase activity of the eluted fractions was assayed as described above. Activity is expressed as ,umol of alanine or phenylalanine produced/min ml of eluate. Esterase activity was measured with BAEE as substrate as described by Burger et al. (4) at 30 C. Activity is expressed as ymol of BAEE hydrolyzed/min ml of eluate.
Inhibition of Carboxypeptidase Activity by Phenylmethylsulfonylfluoride. Half-kernels, imbibed for 3 days, were homogenized and the supernatant dialyzed as described above. The supernatant solution (0.98 ml) plus 0.02 ml of PMSF solution (5 and 50 mm in ethanol) were incubated at 30 C for 30, 60, and 90 min. As a control, the supernatant solution was incubated in 0.02% (v/v) ethanol in a similar manner. At the end of the incubation period, carboxypeptidase activity was assayed by the normal procedure.
Neither the ethanol nor the prolonged incubation at 30 C affected carboxypeptidase activity of the supernatant when compared to the activity of supernatant kept on ice and assayed normally.
Reagents. Reagents were obtained from the following sources: GA3 (Gibrel, 90% pure, potassium salt), from Merck and Company; Z-Phe-Phe, from Vega-Fox Biochemicals; actinomycin D, chloramphenicol, cordycepin, cycloheximide, p-fluorophenylalanine, 5-fluorouracil, 6-methylpurine, phenylmethylsulfonylfluoride, and Z-Phe-Ala from Sigma Chemical; gliadin, from United States Biochemical; azocoll, from Calbiochem; and BAEE, from Mann Research. All other chemicals were of reagent grade.
N,N-Dimethylhemoglobin was prepared according to Lin et al. (13) with bovine hemoglobin.
RESULTS
Carboxypeptidase activity of distal half-kernels increased rapidly between 1 and 3 days of imbibition; thereafter, the rate of increase declined (Fig. 1) . Activity was much greater with the substrate Z-Phe-Ala than with Z-Phe-Phe, in agreement with previous findings (5, 16, 22) . Separation of the aleurone layer from the starchy endosperm after 3 days of imbibition showed that the carboxypeptidase activity was almost entirely localized within the aleurone layer (Table I) .
Carboxypeptidase activity of the imbibed half-kernel with ZPhe-Ala as substrate was almost entirely eliminated by prolonged incubation ofthe dialyzed extract in the presence of 1.0 mmPMSF (Fig. 2) . Results were similar with Z-Phe-Phe as substrate (data not shown). PMSF is thought to react with serine residues in a (9) , which has been demonstrated to inhibit barley carboxypeptidases (18, 21, 22) and be noninhibitory to barley endopeptidases (22) .
Although half-kernels imbibed 3 days had high levels of carboxypeptidase activity, there was little or no endopeptidase activity with the substrate azocoll, dimethylhemoglobin, or gliadin (data not shown). With gliadin, addition of mercaptoethanol to the supernatant, as recommended by Jacobsen and Varner (11), did not increase endopeptidase activity.
When the imbibed half-kernels were shaken in buffer for up to 72 hr, total (medium plus half-kernel extract) carboxypeptidase activity with Z-Phe-Ala as substrate continued to increase (Fig.   3 ). Addition of GA3 to the buffer at zero time had little effect upon the rate of appearance of total activity, but depressed the total amount. However, GA3 caused a higher percentage of the total activity to appear in the surrounding medium within a shorter time, e.g. 65% versus 29% for the control after 24 hr, with either substrate. The release of the enzyme into the incubation medium could have accelerated inactivation.
Parallel assays were made with Z-Phe-Phe as substrate. Agreement with the patterns in Figure 3 was close, but the activity on Z-Phe-Phe was only 19% of that on Z-Phe-Ala (data not shown). Activity on Z-Phe-Phe was about 18% of that on Z-Phe-Ala (Fig.  1) . Although all experiments were monitored with both substrates, only the data from Z-Phe-Ala are presented in subsequent figures because the results with the two substrates were consistently related. Apparently the half-kernel secretes a carboxypeptidase that under our assay conditions is about 5.5 times as active on ZPhe-Ala as on Z-Phe-Phe. Preliminary experiments attempting to separate the carboxypeptidases of the imbibed half-kernel by preparative flat bed isoelectric focusing produced a coincident peak of activity with Z-Phe-Ala and Z-Phe-Phe (Fig. 4) again suggesting that we observed a single enzyme or set of isozymes that are active on both substrates. Esterase activity with BAEE as substrate also coincided with the carboxypeptidase peak. Mikola and Pietila (17) showed that a purified barley carboxypeptidase that was most active on Z-Phe-Ala also hydrolyzed many ester substrates, most notably BAEE and N-acetyl-D,L-phenylalanine p-nitrophenyl ester.
In contrast to the carboxypeptidase activity (Fig. 3) , a-amylase activity was very low at zero time, but increased greatly through 48 hr, and remained relatively constant between 48 and 72 hr (Fig.  5 ). GA3 stimulated a-amylase production as expected (7) . Activity was appreciable in the control cultures, so the production of some a-amylase by half-kernels did not depend entirely upon the addition of GA3. MacGregor (15) has reported the production of 
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parts of the a-amylase complex in barley half-kernels in the absence of exogenous GA3.
During the aseptic separation of the imbibed half-kernel into aleurone layer and starchy endosperm, 30 to 70%o of the carboxypeptidase activity ofthe intact half-kernel was lost. For this reason, entire half-kernels were used in most experiments. When halfkernels, separated aleurone layers, and starchy endosperms were shaken in buffer, the manner of carboxypeptidase production was similar for the aleurone layer and the intact half-kernel (Figs. 3  and 6 ). The aleurone layer is clearly responsible for all of the increase in carboxypeptidase activity in the intact half-kernel cultures. Activity in the starchy endosperm cultures remained at a constant low level.
In an attempt to understand whether some form of RNA or protein synthesis is necessarily involved in the increase in carboxypeptidase activity during imbibition, we included various inhibitors of RNA and protein synthesis at the beginning of imbibition (Table II) . Of the inhibitors of RNA synthesis, inhibition of carboxypeptidase activity was marked for 6-methylpurine and cordycepin (3'-deoxyadenosine), slight for 5-fluorouracil, and ab- 
DISCUSSION
Carboxypeptidase activity was found to be low in the dry barley half-kernel and, after a 24-hr lag, increased during imbibition (Fig. 1 ). This rise in activity during imbibition resembles the activities of ribonuclease (7), f8-1,3-glucanase (12) , and various phosphatases (3, 20) , but differs distinctly in behavior from aamylase (7) and protease (11) , which show little activity after imbibition.
GA3 had little effect upon the total amount of carboxypeptidase produced by shaken cultures of half-kernels. Nor was GA3 required for release of the enzyme from the aleurone layer (Figs. 3  and 6 ), although it did facilitate release of carboxypeptidase by the aleurone cells. These effects of GA3 contrast with the effects on the other known barley hydrolases, for which GA3 either stimulates synthesis and release (a-amylase [7] , protease [11] , ribonuclease [7] ), or is necessary for release (fi-l1,3-glucanase [12] , phosphatases [3, 20] ) from the aleurone layer.
Various inhibitors of RNA and protein synthesis prevented the increase of carboxypeptidase activity if included at the start of imbibition (Table II) . These results indicate that some form of both RNA and protein synthesis is necessary for the increase in carboxypeptidase activity during imbibition; however, the results do not preclude the possibility that the inhibitors are acting nonspecifically upon other facets of metabolism that occur during imbibition. Many compounds, if added at the correct time during incubation of the aleurone layer, are potent inhibitors of enzyme synthesis and secretion (7, 8, 10 , 1 1).
Mikola and Kolehmainen (16) proposed that secretion of carboxypeptidase from the scutellum might be responsible for the large increases in activity within the starchy endosperm during germination. They based this proposal on experiments in which nonimbibed whole endosperms were incubated on agar, with or without GA3. They observed that carboxypeptidase activity remained at or below the low level present in the dry whole endosperm. Carboxypeptidase was present in the scutellum during germination. Cytological evidence indicates the scutellum has secretory capacities (19) . Our data indicate that the aleurone layer is capable of synthesizing and releasing large amounts of carboxypeptidase activity in the absence of GA3. That capability may account for some of the rise in activity within the starchy endosperm observed by Mikola and Kolehmainen.
In a previous study with malt, the carboxypeptidases acting on Z-Phe-Ala were not stimulated by GA3 treatment of the malt although the enzyme activity on Z-Phe-Phe increased by 20 to 50% depending upon the barley cultivar (5 
